Background/Aims: Endoscopic submucosal dissection (ESD) is an effective procedure for en-bloc curative resection of the colorectal tumor. As it requires high technical skills and experience in therapeutic endoscopy, it is important to understand learning curve of ESD technique. The aim of this study was to retrospectively describe the clinical results of ESD and to evaluate learning curve for the ESD of colorectal tumors. Methods: A total of 90 patients with 90 colorectal neoplasms, who had undergone ESD at a tertiary referral hospital from July 2009 to December 2012, were enrolled. The ESD was performed by a single endoscopist. All ESD cases were divided into three periods: first, cases 1-30; second, cases 31-60; and third, cases 61-90. Results: The en-bloc resection rates in third period (100%) was significantly higher than that of the first (93.3%) and second period (80%) (p=0.025). The perforation rate in third period (0%) also significantly decreased compared with that of the first (13.3%) and second period (20%) (p=0.032). To calibrate the difference of tumor size among periods, proficiency was calculated, as the procedure time per specimen area (min/cm 2 ). The proficiency in third period (4.3) was significantly shorter than that of the first (16.8) and second period (10.2) (p=0.004). Conclusions: The learning curve of colorectal ESD in our study shows that at least 60 cases of ESD have to be conducted to acquire sufficient skill of degree without perforation. (Korean J Gastroenterol 2014;64:198-205) 
INTRODUCTION
Colorectal cancer is a global health problem and the fourth leading cause of death from cancer worldwide. 1 As most colorectal cancers are developed from adenomatous lesions through adenoma-carcinoma sequence, they can be prevented by colonoscopy with endoscopic resection at the stage of adenoma. 2 Sessile polyps and flat adenoma can be treated effectively by endoscopic mucosal resection (EMR) using a snare. 3 Although EMR using a snare is a simple and time-saving procedure, this method tends to remove colorectal tumors larger than 20 mm in a piecemeal manner. 4, 5 resected by endoscopic piecemeal resection, a precise pathologic evaluation is not possible to obtain. 6 Hence, it may result in relatively high incidence of local recurrence.
In an effort to resolve the problems associated with EMR, a new method, endoscopic submucosal dissection (ESD), has been developed. [7] [8] [9] ESD is an effective procedure for en-bloc resection and curative resection of large colorectal tumors that are difficult to resect by EMR. [10] [11] [12] [13] However, it requires high-level technical skills and experience in therapeutic endoscopy. It also has a relatively higher rate of perforation and longer procedural time than EMR. 14, 15 Therefore, it is important to understand the learning curve of the colorectal ESD technique in order to achieve good results with a tolerable complication rate. The aim of this study was to retrospectively describe the chronological clinical results of ESD and to evaluate the learning curve for ESD of colorectal tumors. 
MATERIALS AND METHODS

Indication for ESD
ESD procedure can completely remove superficial colorectal neoplasms larger than 20 mm in diameter that might have a malignant potential without lymph node metastases.
Rectal carcinoid tumors less than 20 mm can also be effectively removed by ESD. 16 Therefore, in this study, the indications for ESD included: (i) laterally spreading tumor (LST) of any type ＞20 mm; (ii) the protruded type of tumor ＞20 mm; and (iii) rectal carcinoid tumor, lesion ＜20 mm. LST or protruded type lesions with an irregular or non-structural shaped pit pattern accompanying a non-lifting sign were considered not suitable for ESD. 17 
ESD procedure
All patients took three liters of polyethylene glycol for bowel preparation one day before colorectal ESD. ESD was performed under unconscious sedation using intravenous midazolam and propofol.
All ESD were performed with single channel colonoscopies (CF-H260AI or CF-Q260AI; Olympus Optical Co. Ltd., Tokyo, Japan) and an air insufflation system. An attachment cap was used in order to facilitate dissection in all periods. The procedure sequence was submucosal injection, mucosal incision, and submucosal dissection with simultaneous hemostasis. 
Assessment of learning curve
We retrospectively reviewed the prospectively registered data of patients in order to assess the learning curve of colorectal ESD. We analyzed en-bloc resection rate, R0 resection rate, and perforation rate. R0 resection was defined as an en-bloc resection without tumor involvement to the lateral and vertical margins of the resected specimen in a pathologic diagnosis. 18 We used the proficiency that was calculated as the procedure time per specimen area (min/cm 2 ). 19 Complications related to ESD procedures such as perforation and
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The Korean Journal of Gastroenterology bleeding were also estimated. In addition, we sub-analyzed clinical outcomes of ESD for colorectal epithelial tumor only, excluding carcinoid tumor cases. As performing ESD in the right colon is challenging, it is important to know the learning curve of ESD in the right colon. 20 Therefore, we also analyzed clinical outcomes of ESD for right colon tumors.
Statistical analysis
All statistical analyses of the data were performed using 
RESULTS
The patient demographics and endoscopic characteristics of the lesion are described in The en-bloc resection rate was significantly higher in the third period (100%) compared with that of the first (93.3%) and second period (80%) (p=0.025). The R0 resection rates in each period were 90.0%, 70.0%, and 90.0%, respectively (p=0.056). The perforation rate also showed significant improvement in the third period (0%) compared with that of the first (13.3%) and second period (20%) (p=0.032). All perforation cases were treated by endoscopic clipping and conservative management, including intravenous antibiotics and nothing per mouth without the surgical intervention.
Significant difference in the median procedure time was observed among the three periods (39 min, 32 min, and 15 min, p=0.034). To calibrate the difference of tumor size among periods, proficiency was calculated, as the procedure time divided by specimen area (min/cm 2 ). The learning curve of proficiency is shown in Fig. 1 However, en-bloc resection rate was significantly higher in the third period (100%) compared with that of the first (90.0%) and second period (72.7%) (p=0.008). The profi-ciency also showed significant improvement in the third period (4.2) compared with that of the first (12.7) and second period (7.4) (p=0.02). The perforation rate was significantly better in the third period (0%) compared with that of the first (20.0%) and second period (27.3%) (p=0.008) ( Table 3) .
We also sub-analyzed the results of the right colon ESD. 19 used a measurement: the procedure time divided by square centimeter of specimen area (min/cm 2 ) for evaluating the learning curve. After 40 procedures, the proficiency improved significantly with the measurement. The current study was also conducted with this measurement, and the proficiency improved significantly in the third period compared with that of the first and second period. In other words, the endoscopist had to experience at least 60 cases of colorectal ESD procedure before performing ESD with a stable level of technical competency. However, the number of cases of threshold in the current study was higher than that of previous Japanese studies. There are several plausible explanations for this various number of cases required for good colorectal ESD from different studies. First, the duration of guidance by the experienced endoscopist differed between studies. The study by Hotta et al. 19 included 20 ESD cases guided by an expert while only five cases were included in the current study. In another Japanese study, the trainee experienced all colorectal ESD with the assistance of an expert. If the cases were assisted by experts during the trainee's performance of the procedure, it might affect clinical outcomes favorably. 18 Second, different endoscopic equipment for ESD was used in each study. A former Japanese study used a pediatric-type colonoscope (PCF-Q260JI; Olympus Optical Co.) with a built-in water jet system and a carbon dioxide insufflation system while we used a conventional colonoscope with an air insufflation system. A small diameter pediatric-type colonoscope with good maneuverability might be useful for the situation requiring retroversion of the scope and water-jet function is convenient for bleeding control, particularly in a large tumor that is accompanied by many nutrient vessels. 23 In addition, carbon dioxide insufflation has been suggested to be effective during colorectal ESD. 24 Despite no definite evidence of the impact of these equipments on the ESD procedure, the diverse clinical outcomes of each study might be attributed to the various devices used in different settings.
The trainee endoscopist must have a certain degree of eligibility to achieve a sufficient self-completion for submucosal dissection. This includes skillful insertion of the colonoscope without looping, EMR, and bleeding or perforation control with clips. Before performing the colonic ESD, experience in gastric ESD is also required, since gastric ESD is relatively easy to perform and removal of lesions is less time-consuming. Trainees with gastric ESD experience showed better self-completion rate and satisfactory clinical outcomes in the introductory period of colorectal ESD compared to those without gastric ESD experience. 18 In the current study, the novice had competent skills in therapeutic procedures and management of complications (2,000 colonoscopies, 200 colonic EMR, and 15 gastric ESD) before starting colorectal ESD.
Piecemeal resection is associated with high incomplete resection rate and local recurrence rate. 4, 7 ESD enables performance of en-bloc resection and allows a low recurrence rate. Therefore, en-bloc resection rate is also an important factor in evaluating colorectal ESD skills. The en-bloc resection rate in several clinical studies concerning the efficiency and safety of ESD in the colon and rectum was 80-98.6%. 11, 12, [25] [26] [27] [28] [29] The current study showed an en-bloc resection rate of 91.1%, similar to previous studies, and especially 100% in the third period after performing 60 cases of ESD.
In the meantime, ESD has a relatively high perforation rate compared with EMR. In particular, because of the tenuity of the colorectal wall, colorectal ESD has a higher risk of perforation than gastric ESD. 30 Several studies reported perforation rates of 1.4-10.4% in colorectal ESD. 31 The majority of cases were treated successfully by conservative management without emergency surgery and small perforations were closed by endoscopic clipping. 15, 32 Compared with previous studies, our study shows a relatively high perforation rate in the first and second periods. However, the endoscopist was able to treat all perforation cases by endoscopic clipping and conservative management without surgical intervention. Furthermore, in the third period, the perforation rate was down to 0%. Delayed perforation as a serious complication after ESD was demonstrated in several studies, with rates ranging from 0.3-0.7%. 25, 26, 33 No case of delayed perforation was verified in our study.
Of particular interest, clinical outcomes including both perforation and en-bloc resection rates in the second period were worse than those of the first period. Although the reason for the poor outcomes in the second period was unclear, we postulated that the accumulation of experiences of colorectal ESD during the first period might cause the operator to perform relatively drastic submucosal incision and dissection in the following second period.
In the current study, ESD was performed not only for colorectal epithelial tumors but also carcinoid tumors. All 22 cases of carcinoid tumor were located in the rectum and mean tumor size in the three periods was 11.4 mm, 10.3 mm, and 14.5 mm, respectively. All carcinoid tumors were removed by complete en-bloc resection without complications of perforation or hemorrhage. In general, EMR was the treatment of choice for small rectal carcinoid tumors. However, histologically completeness of resection is difficult for EMR, because the majority of carcinoid tumors were not confined to the mucosa, but extended to the submucosa. 34 Therefore, ESD that can dissect tumors directly along the submucosal layer can be an effective treatment for carcinoid tumors. 25 Several studies reported that ESD could be a feasible and safe procedure for treatment of carcinoid tumors showing good clinical outcomes. [34] [35] [36] [37] [38] Our study has several limitations. First, the study was a retrospective analysis. Although there could be a possibility of selection bias, there was no significant difference in variables among the three groups. Second, we included cases of carcinoid tumor in the study. Due to the small tumor size, carcinoid tumors could be relatively easily removed by ESD, compared to colorectal epithelial tumors. Therefore, the clinical outcomes such as proficiency and procedure time in our study might be greater than those of previous reports. 19, 22 As colorectal epithelial tumors in our study were relatively smaller than those of previous reports, they would also affect the clinical outcomes. 19 The third limitation is that the study was designed for just one endoscopist in a single center. However, it is not easy to conduct a multicenter study with multiple endoscopists because there might be heterogeneity in basic skill and ability to acquire the procedure among endoscopists from different institutes. Therefore, our study can provide a good example for endoscopists just beginning the colorectal ESD. Nevertheless, competence in therapeutic procedures and ability to manage complications should be a prerequisite in training for colorectal ESD.
In conclusion, the ESD procedure can be performed safely, although it requires high-level technical skills. The learning curve of colorectal ESD in our study shows that be performed in at least 60 cases in order to acquire sufficient skill of degree without perforation.
